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Deformation Lamclilac in Thnariz

o

3
Recent articles by Certer (1), French (2), and Creenwood (3} on deforzation
features in querts, insgolay as these wre attributed to developueny by shock-waves,

kave, in my opinion, both clarified certain points of disagrecnment and added to

nisunderstandings in the use of these featurcs as evidence of mneteorite impactis.

H

Caxter (L) concludes that basal {OOO]S‘S’ lamellae in quartz can serve as an indi

ator of a shock event., French (5) states that the high freguency (ws to 60%) of

P

The %3033} feature, rwother than ite scwvual prescnce, is the critical Tactor in
ts value as 2 shock criterion. Greenwood (6) contends that orientation parallel
to .{EJOOJ% and. _G_Oij are not necessarily "uwnigue and sufficient cri
shock metamorphism induced by meteorite inpact.”
I have comgored the characte:«:istiész of these planer Teatures in quartz Ifronm
a va:bie'ty of rocks subjected to shocks geners oed by nuclear and chem C?l eXpLo~
sions with shocked rocks from numerous meteorite impact structures (7). It is
clear that certain types of microdeformation in quartz ond other minerals s pbest
seen under the petrographic mlcc'opcone, are commson to these two cabegzo: 1es of
shocked rocks and, furthermore; have not been reported from unshocked rocks de-
formed by tectonic or volcanic forceés. Hence, these microdeformation types, in-
cluding ‘the so-called planar festures dn queartz, appear to be unique indicators

of the action of intense shock pressures (> 100 kilobars).

Drawing from my previous studies and one currently in progress, I have cone

cluded that several points raised oy C*n**’* ; Irench, and Greenwood are in need of
Turther clarification, In pariicular, the cwrent study, that of shotked quariz-

explosion {8), provides on inmporitant insicht into the use of ploncr fea
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nrtE as one indication of & shocik event. Cwing Yo ineviitatle ac;afs_n publicéi;isr; 5
as a time vhen many investigetors
paet swructures, I wish to preview herce soveral reswlis of
Gy apply o The ?o aclusions of Coxrter et al. regarding deformotion in
guortz.

1) The test first suggested by Carter (9), invhiving the use of phase contrast
illumination, by which tectonic deformotion lamcllae can be distinguished Ifrom
shock~induced planer featurcs, receives ample support i‘fon ex amlnaulon. of several

are present
Seden quertzite samplies. Tectonic lamellac/in
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crops near the Sedan crater. Thelr most frequent orientations, in terms of the engle
between their poles and the c-axis of ecach host quarte srain, rapj e Iwon 15 to 250.
Oientations peavallel %o J@’OOJ. (basal lamelize) ere rare, These tectonic lamellas
re also present in grains of sample 1067-65 in co-association with plonar features

(Fig. la; Fig. 2a) but both types of plannyr €leieris are almost never evident in
the seme grain. As Carter notes (10), in ohaose contrest the tectonic lmwllze gen-
erelly show a single dark border on one sgide whereas The plansr Teaburcs zre boundeld

by dark borders on bobh sides. In this sample, the orientation of the majority of
[P P ’= "/\' T
tenar features is very-similar-—te that of the qucllac in wnshocked cnuivelerts

and some of the plener Leauufcs represented by the

robably pre~shock deformstion lomellae

planer elements appear to be shock-pr

AT

o1 they may sometimes follow pre-ciisting

C’k‘,

2) While Carter's conclusior
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in most of the shocked quartzites, even in samples which shovw ordy a2 lovr dencivy and

~ ey e - =y ot -F s e - e . vy /oy 2 Vs gy ~eyE e
egran average oT sats of nLanze Teatures (G sia, S&x.i_{_/le ;-"C_)) . TN :_):."::,y nooeLiLe
, Ln
necar (‘Z . (-v *
L. « - 2 . f Y . e e 4 ) - ¢ - .
excepbion 1s sample A-19 in which/bacel lemellae constitute 15ps EBeenuse | OCOLY is

gencrally the first plouner feature to suypesyr (i1}, it has been ossuwe

orientation tends to develep in the rock region enveloped by the expanding shoctk
frent within which the pressures sre Just gbove the dynemic elagtic Limit I
material. In terms of total volume of shocked rock, this reglon includes only o few
percent (< 5%) of the material affccbed. Although dimsnostic, these beszal lamcllac
are volumetrically faxr less useful ag a shock indieator than more froequent foras
such es @.0151« feell , ena f20i2Y .

3) Robertson et al (12) have chown that as shock demaze to minerel grains increasc)
presumably as a function of increscsing shock pressures, the frequency distribution of

a

the different crystallographic Torms to which the plensy features are izdexed will

shift gystematically. Thas, at Lower pressure:s 3;,,43.03.:1« is the most -

POV TN
LS DAY, o8 e

. . ST ? s
pressures rise, such forms as L20810 znd J 1012  become common, so vhat the domlnance

whe nunbher of dil

Tectureg (oi‘ 211 formn) and the defisity snd spacing of these sets in

will algo increase as this frequency distributon varies with rising ypriesures. The
date presc wre 2 higvopreans, aerranged In a segueonce presvired To ropwe-
sent increasing shock damsge (13), strongly confirm the gtages of d:fcxmation rroposcd

by Robarison et al.

- . - - e @ et e : . PR PR
Both French end Greemvocd {14) refer te the dominance of lomellic v plenar fea-
tures In the histogram cless intervels ncor 23° as a decisive characteristic of
s A . g S o e 2 e ey
shocked quartz. Greewwood (15) porticvlsrly states M that impactites (15) sppsar to

EA.4

be distingulshed 1 from geotectonically delcrmed rocl‘;ks_} Ty the relativ: sbscace of

T . - . ..L. . OH - -
lenellee at englis whdch deviate greotly ficu O o 2370 While thi ve true Tor
quertz shocked over a limited pressure renge, it is obvious Drom inspection of the
Tigure 2 nisboryens that this does pob Lold forx gquertz shocked at hijher wresournes.
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Thgo. 2o and 22 plot as brosd bell-shensl curves tend ©o reseble cone

' N . . - .
plots obteined by Caorter (17) for tectonic lomellac end fracture orientations,

cent at his mexima or peak valucs fox c-axis A pole angles Go nov acvmelly
coincide with those Tor shocked rocks. The key distinctions however ave the mich
greater nuxber of sets and the spacing of planer features, along with their double
derk~bordered appearance in phase conurast lighting, *,hn.cn axre chovachoristic of
the ghocked quartz. As fer as I know, no one heg ever reporved anytching close to

‘5

an average of 5 scts of deformation lamelleac, speccd ag closcly as A0 microns
(Fig. ;LS), in any tectonicelly stressed roclk; not even rociks loaded exnerimentvally

by “xmock squeezers" develop such striking microd

choerved in the Bedan guertzibtes and in rocks showing cavivalent dawege Trom such
. v b -~ . e T T . - — L [l
impact structures as the Ries Xessel, BErent, West FHuwk Lake, and Gosses Blulf (19).

Also, intimate assoclotion ofrempant plenar feglures with Isotropic pzeudonor
) . £ o L} L. , iR . oo

(thetomorghs [19] ) of fauertz (Fig. 1d) end noted also in quartz Drom presumad in-

pact crater sites, is likewise g phenomenon totally utmimmovn from uwashocked rociks

. o,

L) The x-ray diffraction asterisa (20) data added to Figure 2 provice enother

valuable criterion for distingulshing shoch-ceformed fyon tectonically-stressad

P N - . Al o .o s m P PR | P Y YR
guartz. Asterisn line lengtihs for mghocked bub tecbonically-~ctressed Sedan querio-
. . . ¥ - . -
ite cguivaleonts range bebwesn 1.1 and 1.4 sm. Those apvesy es sonts or olighily

-

PO 5 - . -y e
elonzated 1ines on the x-rag

-....lOCL-u“

-

quertzite germles axre nobeb

ot O scrvations

unshocked {or slightly shocke
Dochille et al, (21), who

T R B Y e 2 T
crocked and tectonie guort
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corrolation boeticen iacrens
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Shock damage is here presuned to increass as the number and densilty of planar
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feature sets increases and birefringence decreases; peak pressures given in Fiz.
2 are estimates only but are based indirectly on criteria and asscclated peak
prassure values iven by 8.C.T. Chzo and by . Horz in articles in Shock Mzta-
1“0"'";) iism Of turaﬂ Materials, B. M. French & I1.}. Short, Eds. (Moro, Baltimore,

B.M. French; W.R. Greemwood, Science 160, 905 (1968)
W.R. Greenwood, Ibid.
The term "impactite" was first applied Ly V.E. Barnes, Univ. Texas Publ. 3945

(1939) end later by E.C.T. Chac and others to "glassy” TOCL 1row
several meteorite crater
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cnts iound at
(e.z R Metecr Crater, Ariz. ) as applied by Carter
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T
rs r,
65
s

Am. J. Sci. 263, 786 (19 and Greenwood, Science, 160,905 (1968) to shock-
smaged crystalline rocks, ir"pa t te'is. incprrectly used.

M.L. Carter, Scicnce 160, 5’2 1968)
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N.M. Bhort and T.E. Bunch, in Shock Metamorphism oi I
French & H.M. Short, Bds (lono, Baltinore, in press
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form, was Tirst proposed by B.C.T. C Cwo, Scilence 196, 192 (_L\vo/‘

This term, derdived from the Greek thetos, meaning ado*gtea, QNG mornle; neating
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Fisure 1 Copblons

Single quartz grain from Sedan sample 1C67-65 showing shochk~induced B

) <oy
froactures and a sct of 10L3 « cotures tronding MV, both agcocia~
- v

ted with a INE set of decoratbe

" J

i.

orizin; ¥this sample erperienced (ectimated) shocl iressures bebweer 100
and 150 kb. Cressed nicols.

A single gquertz grain from saumle T67-3, estimeted to heve widorgone shoek
pressures in excess of 250 b, in which the enbtire grain hos beonceut by
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tThree visible sets of planar features; two ob

Close-vp of port of & lerve prain From stmple A (displeri- i chook

similar o T87-3); %o proninent sohs of plonar feotures and E0

are evident along with an BT geb nooy the hotbtonm of the phwte ond o poorly
developed Wit scb on the right. Crossed ndcels.

A g:cctp of quartz grains transformed by shock in excess of 200 kb. to
thetomorohs (isotropic S—iOg peeudomorphlic afber quertz); two scts of planae

features are pregerved in the "glassy" grain in the center; tiny bubdbles

indicate incipient wesiculation. Plane polarized Light.



i~ ey

crcrgr e

2

i

-~ .
P,

PR |

ety

[106%-6

e ot LA et S b e i At

R
o

£



-y
7

&
S
7
e

o

'*’T"‘,ﬂ‘r}]

P L YT

LN

e W
L
“ear
g T

-

'l

.~"J’
s

£ ey =T
R R P A A

7 -7G

[ b e

Y

o B

AT PR TR TS,

S T T T,

.

d
{.
I
4

Y BTN

[0 6



')

- 10 -

Figure 2 Caption’

A series of histograms expressing the percent frequency of angles (3% class
intervels) between the c-sxis of individuel gquartz grains and poles normal

nese crains, as deverodined by sbeorconct
7

plots, f~r samples of Sedan.guartzite erranged in a sequence (2 to e, vpper

(‘)

left to lower right) resresénting increased chock demege., Thus 1057-55
2 2y 7 { =~

conversion to the isotropic state as their birefrinzence apuroaches A= 0.002

The ratic recorddd for ezch ssmple denotes the aversge number of plenex

“

Teature sets per grain, as caleulab ed by dividing the t0ual nurher of sels

ath

neasured by the muber of grains examined. The percentaze value underreoth

represents the mumber of grains In o total of 100 examined on the wmiversal

stage which contain any discernible planar features. The uvaderiirned nuuber

3 )

on the upper left of each histogram is a "Concentration Factor' obtained as

. been
follows: Asswming the c-mxis A peb-polés angle bhas:. measured ° 50, the
(q ,o o e ' o .o . .
ML0L3 L form at 237 would likely be identified with the dls tribution tetween
L‘)
o 5

18 - 28°; an interval arbitrarily selccted between 15 - 30° is considered to
include all {?Oi%}' sets; the cumdative frequency percentage for this inter
val is swmed and then divided by 16.75 (the percentage assigned to 15/ 50° x
100 if +the plansr sebs are assumed to distribube in equal propertions over

all angles) to produce the concentration fedtor. Vertical dashed lines drawn

from gpecific values on the abscissa designate the c-axis ﬂ.sei pole engles.

o) " ) ; R
the following crystellographic forms: O = c.{OOva; 5C = 21013 -
L 4 L E

32,40 = a%oie’ or T/ do1iel; b7.7° =

RENE
e L

%{g,
bemymnct
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pl@l.; « The nurber in porens-

7 (‘ “‘\; ol O
65.59 = 3 QA2 5 76.5° = 22213¢ ; end 82.0° = x.

o

sheeis refers to the measured length (dn mm.) of a spobt or line on #lm that

e

b

o1

4

defines the degree of asterism (20) foutihe 12.15 2 &reflect (& speoeirg of
3.35 A) obtained by x-ray diffraction anclysis of single unoriented, rotating
s

grains exposed for 6 hours in a besm of Mo Kok redistion; each value represenus

the average of values from two Frains.
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